Lonicera japonica Thunb. is a flower that is used in traditional Chinese medicine to prevent the common cold. The two primary active compounds of the flower bud are luteolin, a flavonoid, and chlorogenic acid, a phenolic acid. Both active compounds have demonstrated antioxidant activity. The interactions between chemicals in a plant heavily influences its total antioxidant activity. We attempted to investigate the antioxidant interactions between the two chemicals in the plant. This study aims to investigate if the antioxidants luteolin and chlorogenic acid have a synergistic effect to inhibit free radicals when combined. A 2,2-diphenyl-1-picrylhydrazyl (DPPH•) assay was performed. The half maximal inhibitory concentration (IC50) of luteolin and chlorogenic acid were first determined and then combined at a 1:1 ratio. The combined inhibition capacity was then compared with the sum of the individual inhibition capacities. The IC50 of luteolin is 26.304 μg·ml-1 ± 0.120 μg·ml-1 while the IC50 of chlorogenic acid is 85.529 μg·ml-1 ± 4.482 μg·ml-1. The combined solution produced a free radical percentage inhibition of 77.617% ± 5.470%, more than the percentage inhibition of the separate solutions. The experiment shows that luteolin and chlorogenic acid have a synergistic effect in inhibiting DPPH free radicals.
Introduction
Lonicera japonica Thunb. is a flower that is used in traditional Chinese medicine to prevent the common cold (Yang, et al. 2009 ). The two main constituents of the flower bud responsible for common cold prevention as active pharmaceutical compounds are luteolin and chlorogenic acid (Yuan, et al. 2014 ). Previous studies indicate that the two constituents both have antioxidant effects (Kono, et al. 1997; Seelinger, et al. 2008) , which contribute to pharmaceutical effects of the flower bud.
The interactions between chemicals in a plant heavily influences its total antioxidant activity (Quieros, et al. 2009 ). Synergism of antioxidants, which refers to the interaction through which the combined antioxidant effects are greater than the sum of the individual effects (Wang, et al. 2011 ), has been observed in several traditional Chinese medicinal plants and is known to affect their pharmacological effects (Jain, et al. 2011; Yang, et al. 2009 ). However, the type of interaction in Lonicera japonica Thunb. has not been investigated and reported.
Because the two main active compounds of Lonicera japonica are antioxidants, we attempted to investigate the antioxidant interactions between luteolin and chlorogenic acid. In finding the relationship between antioxidant concentration and free radical percentage inhibition, this study aims to investigate the following question: Do the antioxidants luteolin and chlorogenic acid have a synergistic effect to inhibit free radicals when combined?
Materials and Methods

Antioxidant Solutions
Luteolin is soluble in water (Peng, et al. 2010 ) while chlorogenic acid is soluble in ethanol (Liu, et al. 2004 ) The antioxidant solutions of luteolin (Extrasymthèse, Rhône, France) were prepared with double-distilled water (ddH 2 O) while the antioxidant solutions of chlorogenic acid (Sigma-Aldrich, Missouri, USA) were prepared with 95% ethanol and 5% ddH 2 O.
DPPH radical-scavenging assay
The antioxidant effects of chlorogenic acid, luteolin, and the two constituents combined will be determined via the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, a common antioxidant assay that measures free radical scavenging capacity through spectrophotometry (Kedare, et al. 2011 ).
The scavenging capacity of DPPH free radical was monitored according to the methods of Wu et al. (2007) , modifying this to a 96-well microtiter spectrophotometric method. 175.0 µl of DPPH• solution and 25.0 µl of antioxidant solution are added to each well. The mixture was shaken for 20 s and then left to stand at room temperature for 30 min. The absorbance of the resulting solution was read spectrophotometrically at 517 nm. The inhibition percentage (%) of radical-scavenging capacity was calculated as Inhibition percentage (%) =
where A DPPH is the absorbance of only DPPH solution, A blank is the absorbance of methanol instead of DPPH solution, A s-DPPH is the absorbance of DPPH solution in the presence of sample and A s-blank is the absorbance of methanol in the presence of sample. The results are expressed as mmol catechin equivalents/g of sample.
Ascorbic acid, a known antioxidant, was used as a control for the DPPH assay. Ascorbic acid (Sigma-Aldrich, Missouri, USA) was used to ensure that the DPPH• solution prepared can be used to measure free radical scavenging capacity by ensuring that the resulting graph of free Radical Percentage Inhibition against Antioxidant Concentration has a linear best fit. That ascorbic acid has a consistent IC 50 throughout the three trials is also observed to ensure that the DPPH• solution is consistent across tests.
The free radical scavenging capacity of a specific antioxidant is represented by its half maximal inhibitory concentration (IC 50 ). IC 50 refers to the concentration at which a specific antioxidant inhibits DPPH• in a solution by 50%. The IC 50 is calculated from the free radical percentage inhibition of individual solutions using a regression curve. The concentration and volume of DPPH• solution, the volume of antioxidant solution, and the time of reaction all affect the IC 50 of an antioxidant.
To derive a continuous graph for Free Radical Percentage Inhibition against Antioxidant Concentration, six concentrations were selected for both luteolin and chlorogenic acid. After finding the line of best fit for the graph, IC 50 , the concentration of antioxidants at which 50% of free radicals are inhibited, can be determined through the equation derived from a regression curve. Preliminary trials were performed to find the concentrations that can cover a wide range of inhibitory percentages to ensure that the regression model accurately models the data.
Determination of Synergistic Effect
The IC 50 of luteolin and chlorogenic acid are first separately determined using the DPPH assay. Luteolin and chlorogenic acid are then mixed at IC 50 at a 1:1 ratio to form a combined solution. The combined solution was then diluted into 20.0, 40.0, 60.0, and 80.0% of the combined solution with both water and ethanol at a 1:1 ratio. The IC 50 of the combined solution is then determined by graphing and expressed in % Combined IC 50 Solution.
If the two antioxidants have an additive effect, the IC 50 of the combined solution will remain at 100.0%, which means that the combined solution has no difference in free radical scavenging capacity compared to the separate antioxidant solutions. If the two antioxidants have an antagonistic effect, the calculated IC 50 of the combined solution will be greater than 100.0%, as a higher concentration of antioxidants would be require to reduce the same number of free radicals. Conversely, if the combined solution has IC 50 of less than 100.0%, there is a synergistic interaction between the two antioxidants.
Additionally, the antioxidant interaction between luteolin and chlorogenic acid can be determined with the 100.0% combined IC 50 solution alone. If the two antioxidants have an additive effect, each half of the combined solution of luteolin and chlorogenic acid would inhibit 25% of free radicals in the 100.0% combined IC 50 solution, and the resulting percentage inhibition would be exactly 50%. If the two antioxidants have a synergistic effect, the percentage inhibition would be more than 50%, and if the two antioxidants have an antagonistic effect, the percentage inhibition would be less than 50%.
Relationship between Percentage Inhibition and Antioxidant Concentration
Per the formula of calculating Free Radical Percentage Inhibition, graphing Free Radical Percentage Inhibition (%) against Antioxidant Concentration (μg·ml -1 ) will yield a linear line of best fit. However, experimentally the free radical percentage inhibition plateaus as the antioxidant concentration inhibits close to 100% of free radicals. For this reason, the four-pair logistics function (4PL), a function that resembles a sigmoid curve, is also used by researchers to calculate the IC 50 and different inhibitory concentrations of different substances (Sebaugh 2011 ). Since the center portion of the 4PL curve around the IC 50 is linear (Sebaugh 2011), using linear regression to calculate IC 50 may also be appropriate. 
Statistical analyses
Results
There is a strong linear relationship between the concentration of the antioxidant solutions and the DPPH• percentage inhibition (R 2 > 0.96) (r > 0.98), as shown in Table 3 . Because there is a linear relationship between the two variables, the IC 50 can be calculated with each linear equation obtained from each data set through linear regression.
The IC 50 values obtained from each graph for the same antioxidant are then averaged, with the final IC 50 expressed as mean ± two standard errors of the mean (SEM). As shown in Table 2 , the combined solution reaches a free radical percentage inhibition of 50% at 64.1% ± 3.2% of the combined half-maximal inhibitory concentration, which is significantly lower than 100% IC 50 , the required concentration to reach 50% free radical inhibition when the solutions are separated.
This shows that a combination of luteolin and chlorogenic acid can inhibit more free radicals than the separate solutions.
Additionally, the free radical percentage inhibition of the 100.0% combined IC 50 solution of both luteolin and chlorogenic acid is 77.617% ± 5.470%, which is substantially higher than the percentage inhibition of the solutions at IC 50 when separated, or 50%. That the combined solution can inhibit 77.617% ± 5.470% shows that the combined percentage inhibition exceeds the sum of the individual percentage inhibition and shows that luteolin and chlorogenic acid can inhibit more free radicals when combined. Random error may also arise from the fact that the absorbance of different wells is different for the same 96-well microtiter plate. The additional absorbance of solvents is already accounted by placing "blanks" alongside wells that contained DPPH• and antioxidant solutions as illustrated in Figure 1 , and through this the absorbance of each well are also simultaneously subtracted. However, error arising from the variation in the absorbance of different wells was not accounted. To account this random error, new 96well microtiter plates were used for each DPPH assay performed to minimize the variation in absorbance.
Types of Antioxidant Interactions
Systematic error may arise from the fact that the absorbance of DPPH• solution increases over time. Through the DPPH assay, DPPH• is reduced through hydrogen atom transfer, a mechanism that is carried out by both luteolin and chlorogenic acid. However, because there are many mechanisms through which free radicals can be reduced, most commonly hydrogen atom transfer, more than one antioxidant assays can be performed to confirm findings of a single antioxidant assays. Other antioxidant assays, such as the Ferric Reducing Ability of Plasma (FRAP) assay, which solely measures antioxidant activity with single-electron transfer (Prior, et al. 2005) , may not show the same findings and results with these two antioxidants.
The goal of this research is to determine the interaction that can occur when combining luteolin and chlorogenic acid. While luteolin and chlorogenic acid have antioxidative abilities, the specific interactions between the two antioxidants in creating the synergistic effect is unknown. Present studies have been focused mostly on synergistic effects but not the specific chemical interactions as the interactions can differ widely and be quite complex (Prior, et al. 2005 ) Specific interactions between antioxidants can be determined by performing different antioxidant assays based on different antioxidant reduction mechanisms (Wang, et al. 2011 ).
Conclusion
For all the data collected, free radical percentage inhibition and the concentration of antioxidant show a strong linear relationship (R 2 > 0.96) (r > 0.98).
Per Figure 3 and Table 2 , only 64.1% ± 3.2% of IC 50 of luteolin and chlorogenic acid combined is required to inhibit 50% of free radicals, which is significantly lower than the 100% IC 50 solution required for each antioxidant to inhibit the same number of free radicals separately. Furthermore, the combined solution of luteolin and chlorogenic acid at their respective IC 50 can reduce 77.617% ± 5.470%, which exceeds the sum of the individual percentage inhibitions, or 50%. The results of the experiment conducted show that luteolin and chlorogenic acid have a synergistic effect in reducing DPPH• and may demonstrate that the pharmaceutical effects of Lonicera japonica Thunb. may be influenced by the synergistic interaction between the two antioxidants. 
